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INTRODUCTION 

This  f o u r t h  progress  r e p o r t  p re sen t s  t he  p i c t u r e s  (Sec t ion  I )  

a.nd spec t roscopic  d a t a  CSection 2 )  f o r  t h e  remainder of t h e  

f i f t y - t w o  t e s t  g r a t i n g s  made i n  1964, i n  accord wi th  t h e  con- 

t r a c t  terms. A “Standard (10/23/64)” r e f l e c t a n c e  curve t h a t  

has been used t o  minimize t h e  e f f e c t  o f  t h e  s p e c t r a l  v a r i a t i o n  

of gold o p t i c a l  cons t an t s  i s  given and i t s  purpose is desc r ibed  

(Sec t ion  3) .  P i c t u r e s  tha t  desc r ibe  the  s u b s t r a t e  (Sec t ion  4), 
t h e  chromium i n t e r l a y e r  (Sect ion 5 ) ,  and t h e  f i n a l  s u r f a c e  

(Sec t ion  6) a r e  presented,  

A fur ther !  r e p o r t  i s  i n  preparat ion.  It w i l l  be prepared t o  

c o l l e c t  t h e  d a t a  and p i c t u r e s  f o r  i n d i v i d u a l  r u l i n g s  on one 

page. It i s  hoped t h a t  conclusions w i l l  be most  o b j e c t i v e l y  

made f r o m  t h i s  o rgan iza t ion  of t h e  inf‘ormation. 
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1. Electronmicrographs of Au Films and Test Rulings I *  . 

I An blectronmicrograph of  each gold f i l m  used f o r  t e s t  r u l i n g  and 

of a r ep resen ta t ive  a r e a  o f  each t e s t  r u l i n g  a r e  contained i n  

I t h i s  sect ion.  The gold f i l m  p i c tu re s  a r e  a t  approximately 2 2 O O O X  

t o  survey a l a r g e r  a r e a  of t he  film. The t e s t  r u l i n g  p i c t u r e s  

a r e  a t  approximately 3OOOOX i n  order t o  examine a smaller a r ea  

more c losely.  

throughout t h e  previous r e p o r t s  of this  cont rac t .  

I 

These magnifications have been used c o n s i s t e n t l y  

There has been one general  change worthy of note. Collodion 

r e p l i c a s  were used f o r  t he  Au f i l m  p i c t u r e s  i n  e a r l i e r  r epor t s .  

A l l  work i s  now being done w i t h  carbon f i l m s  from aluminum 

r e p l i c a s  because t h e r e  i s  less loss of  d e t a i l ,  

The f i l m s  f o r  r u l i n g s  35 through 38 were prepared i n  t h e  same 

run, 

groove ahead of t he  b laze  face.  The o the r s  had t h e  s teep  f a c e  

t r a i l i n g  so that the  a c t u a l  groove bo t tom has not been covered 

by  the Au wave f rom the next groove. Number 37 w a s  ru l ed  w i t h  

the s t eep  s ide t r a i l i n g ,  then ru led  again without tak ing  the  

g r a t i n g  o u t  of the  engine. The b e s t  of t h e  group i s  t h e  normal 

r u l i n g ,  but t he  q u a l i t y  o f  the  r u l i n g  engine used f o r  the  t e s t  

may l i m i t  t he  v a l i d i t y  of  t he  double r u l i n g  t e s t ,  

35 was ru l ed  i n  normal fashion w i t h  the s t eep  face of t h e  

I The f i l m s  f o r  r u l i n g s  39 t o  42 were again prepared In +,he same 

run, The f o u r  poss ib l e  combinations o f  s i n g l e  vs double r u l i n g  

and s t e e p  s ide  lead ing  o r  t r a i l i n g  were examined. The normal 

i 

I 
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case,  number 42, aga in  appears  t o  be t h e  b e s t .  The double r u l i n g  

wi th  s t e e p  s i d e  t r a i l i n g  i s  b e t t e r  t han  t h e  corresponding s i n g l e  

r u l i n g .  

The f i l m s  f o r  r u l i n g s  43 and 44 were prepared i n  t h e  same run. 

I n  t h i s  case,  t h e  s u b s t r a t e s d i f f e r e d *  Number 43 had an  o p t i c a l  

p o l i s h ;  number 44 had a poor shine.  

o f  these ,  number 44 was given a thorough burn ish ing  whereas 

number 43 was not  . 
I n  s e t t i n g  up t h e  r u l i n g  

Both, however, appear t o  have good groove shape. 

Number 45 w a s  i n  an  a l l o y  f i l m  of about .94 Bu and .06 Ge. The 

groove s u r f a c e  appears  t o  be much l e s s  smooth submicroscopical ly  

than  t y p i c a l  Au grooves. It i s  q u i t e  p o s s i b l e  t h a t  t h i s  i s  an 

i n d i c a t i o n  t h a t  t h e  a l l o y  f i l m  i s  much l e s s  mal leable  than  p l a i n  Au. 

The f i l m s  f o r  r u l i n g s  46 and 47 were prepared i n  t h e  same run. 

The s u b s t r a t e  f o r  number 46 had an o rd ina ry  o p t i c a l  p o l i s h .  

s u b s t r a t e  for number 47 had an except iona l  p o l i s h  (unde r - l i qu id  

p rocess  of  Herron Op t i ca l  Co.). The s u r f a c e  of r u l i n g  47 was 

poor ly  burnished s o  no ? a i r  canparison of' performance can  be made. 

The electronmicroscope m u s t  p a r t i c i p a t e  a t  the  se t -up  s t a g e  f o r  

proper  c o n t r o l  of groove smoothnesso 

The 

The f i l m s  f o r  r u l i n g s  48 through 52 were a l l  depos i t ed  by 

Jou le  h e a t i n g  a molybdenum boat  wi th  g o l d  i n  it. 

i n  gold  t h a t  had been depos i ted  r a p i d l y  and t h a t  had emptied t h e  

boa t ;  i t  was d i f f i c u l t  t o  achieve good grooves, and s t r e a k s  appeared 

a long  them. 

Ruling 48 w a s  

- 3 -  



Rulings 49 and 50 were a l s o  d i f f i c u l t  t o  r u l e  because gold o f t en  

adhered t o  the  diamond. 
, 

Rulings 51 and 52 were i n  f i l m s  made simultaneously; good grooves 

were much e a s i e r  t o  make i n  these f i l m s ;  there  i s  no i n d i c a t i o n  

f r o m  t h e  p i c t u r e s  o r  f r o m  the  procedure followed why th i s  should 

be SO. The naive not ion t h a t  gold's chemical i n e r t n e s s  would 

a l l o w  i t , i n  con t r a s t  t o  aluminum, t o  be deposited always the  same 

i n  s p i t e  of l a r g e  d i f fe rences  of depos i t ion  d e t a i l  w a s  once more 

r e fu t ed , th i s  t ime, for  r e s i s t a n c e  heated vaporization, 

- 4 -  
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E l e c t r  onmicrograph showing 

b y  a s b e s t o s  f i b e r .  N.R.L. 

P i c t u r e  Data  

Film: N l 4 7  # 6 ,  10-19-64 

R e p l i c a  S u b s t r a t e :  A 1  F i lm 

Shadow: Pt  -c 

Specimen Fi lm:  C 

I ‘P I 
g r a t i n g  groove  p r o f i l e  i n  shadow c a s t  

t e s t  r u l i n g  35. 

G r a t i n g  Da ta  

Number: N.K.L. 35, 9-7-64 

Groove Frequency:  1280 g r / m  

Nominal S lope :  4 deg 35 m i n  

Meas. Height :  445 A 
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Electronmicrograph showing t h e  gold f i l m  i n  which N.R.L. 35, 36, 

37, and 38 were ru l ed .  

P i c t u r e  Data Evaporat ion Data 

F i l m :  Nl54 #3,  10-28-64 Mtl./ thick: Au/46001( 

R e p l i c a  Subs t r a t e :  A 1  Fi lm Pressure :  5 x 10-5 mm 

Shadow: P t - C  Depos i t ion  Rate:  50  8 / s e c  

Specimen Film: C Coating Method: E l e c t r o n  Gun 



E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

by a s b e s t o s  f i b e r .  N.R.L. t e s t  r u l i n g  36. 

- P i c t u r e  Data  G r a t i n g  Data  

F i l m :  l J l l 1 7  #/23, 10-19-64 ITunber : 1T.R .Lo 36, 9-11-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  Groove Freuuency:  1280 zr./mm 

Shadow: P t - C  Nominal S lope :  3 deg  35 min 

Specimen Film: C Pleas. He igh t :  760 A 

s t e e p  s i d e  
t r a i l i n g  
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I ' P  I 

E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

by a s b e s t o s  f i b e r .  N.R.L. t e s t  ruling 37. 

~ i l m :  N148 #12, 10-19-64 Number: N.R.L. 37, 9-14-64 

R e p l i c a  S u b s t r a t e :  A1 Film 

Shadow: P t - C  

Specimen Film: C 

Groove Frequency:  1280 gr . /mm 

Nominal S lope :  4 deg.  35 mi.n 
*. 

Meas. Heigh t :  500A 
s t e e p  s i d e  t r a i l .  
double  r u l i n g  
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E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

b y  a s b e s t o s  f i b e r .  N.R.L. t e s t  r u l i n g  38. 

P i c t u r e  Data 

F i lm:  Nl48 #f24, 10-19-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  Groove Frequency:1280 gr./mm 

Shadow: Pt -C  Nominal S lope :  4 deg 35 m i n  

Specimen F i lm:  C Meas. H e i g h t :  470 A 

s t e e p  s i d e  
t r a i l i n g  
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E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove  p r o f  ?le i n  shadow c a s t  

b y  a s b e s t o s  f i b e r .  N .R .L .  test r u l i n g  39. 

G r a t i n g  Data  PictLirs: Eats - 
F i l m :  N1SO #3, 10-22-64 Namber: N.R.L.  39, 9-23-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  Grocve Freq~iency:1280 @./m 

Shadow: P t - C  Nominal S lope :  4 deg .35 min 

Specimen F i l m :  C Meas. He igh t :  390 A 
s t e e p  s i d e  t r a i l i n g  
double  r u l i n g .  
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ILL 

E l e c t r o n m i c r o g r a p h  showing t h e  g o l d  f i l m  i n  which N . R , L .  39, 40, 

41,and 42 were r u l e d .  

P i c t u r e  Data 

Film: N161 #4, 11-13-64 

R e p l i c a  S u b s t r a t e :  A 1  Film 

Shadow: Pt-C 

E v a p o r a t i o n  Data 

M t l  . / th ick :  Au/ZSOOA 

Pressure:  5 x 10-5 mm 

D e p o s i t i o n  R a t e :  5$/sec 

0 

Specimen Film: C Coa t ing  Method: E l e c t r o n  Gun 
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E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

b y  a s b e s t o s  f i b e r .  N.R.L. t e s t  r u l i n g  40. 

P i c t u r e  Data 

Film: N1SO #16, 10-22-64 

R e p l i c a  S u b s t r a t e :  A1 Fi lm 

-- ._ 

Shadow: Ft-C 

Specimen F i l m :  C 

- Grating Data 

Number: N.R.L.  40, 9-24-64 

Groove Freauency:1280 g;r,/mm 

Nominal S l o p e :  4 deg  35 mfn 

Meas, H e i g h t :  500 A 
s t e e p  s i d e  

t r a i l i n g  
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Elec t ronmic rograph  showing gratin,.; groove p r o f i l e  i n  shadow c a s t  

by  a s b e s t o s  f i b e r .  N.R.L. t e s t  r u l i n g  41. 

P i c t u r e  Data 

F i lm:  N151 #9, 10-26-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  

Shadow: Pt-C 

Spec inen  F i lm:  C 

G r a t i n g  Data 

Number: N.R.L. 41, 9-24-64 

Groove Frequency:128O -./rim 

Nominal S lope :  4 dee;. 35 m i n  

Fleas. Height :  540 A 
doub le  r u l i n g  
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E l e c t r o n m i c r o g r a p h  shov ing  g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

by a s b e s t o s  f i b e r .  N.R.L.  t e s t  r u l i n g  42. 

D;oi-rirrn L L u v a l ”  ---..- nata  G r a t i n g  Da ta  

F i l m :  N151 #17, 10-26-64 Number: N.R.L. 42, 9-30-64 

R e p l i c a  S u b s t r a t e :  A1 Film Groove Frequency:1280 gr./mm 

Shadow: P t - C  Nominal S l o p e :  4 deg,  35 min 

Specimen F i l m :  C Meas H e i g h t :  450 A 
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E l e c t r o n m i c r o g r a p h  showing g r z t i n g  groove p r o f i l e  i n  shadow c a s t  

b y  a s b e s t o s  f i b e r .  3T.R.L. t e s t  r u l i n g  43. 

P i c t u r e  Data G r a t i n g  Data 

F i l m :  N152 #13, 10-2 7-64 Number: N.R.L. 43, 10-6-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  Groove Frequency:128O gr./rnm 

Shadow: P t - C  Nominal S lope :  4 deg, 35 m i n  

Specimen Fi lm:  C Measured He igh t :  420 A 
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Elec  tronmicrograph showing an o p t  i c a l l  y-pol  ished g l a s s  s u b s t r a t e  

coa ted  w i t h  a g o l d  f i l m .  

was depos i ted  i n  t h e  same run w i t h  N.R.L. 44. 
N.R.L. 43 w a s  r u l e d  i n  t h i s  f i l m ;  it 

P i c t u r e  Data Evaporation -_ Data 

Fi lm:  N161 #24, 11-13-64 M t l  . / thick: Au/32001 

Rep l i ca  Subs t r a t e :  A 1  Film Pressu re :  3-5 x 10-5 m 

Shadow: P t -C  Depos i t ion  Rate:  3sx/sec 

Specimen Film: C Coating Method: E lec t ron  Gun 
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E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

by  a s b e s t o s  f i b e r .  N.R.L. t e s t  ruling 44. 

P i c t u r e  Data 

F i l m :  N152 #IS, 10-27-64 

R e p l i c a  S u b s t r a t e :  A1 Film 

Shadow: P t - C  

Specimen Fi lm:  C 

-- G r a t i x  Data  

Number: N.R .L . 411, 10-8-64 

Groove Frequency:1280 p./m 

Nominal Slope:  4 deg 35 m i n  

Pleasured Height  : 3 93 A 
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E l e  ctronmicrograph showing a incompletely-pol i shed  g lass  sub- 

s t r a t e  coated w i t h  a go ld  film. R.R.L. 44 w a s  r u l e d  i n  t h i s  f i l m ;  

it was depos i t ed  i n  t h e  same r u n  with N.R.L.  43. 

P i c t u r e  Data Evaporat ion Data 

F i l m :  N161 #30, 11-13-64 Mtl./thick: Au/32002 

Rep l i ca  Subs t r a t e :  A1 Film Pressure :  3-5 x 10-5 mm 

Shadow: P t - C  Deposi t ion Rate:  35 d/sec 

Specimen Film: C Coating Method: E lec t ron  Gun 
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E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove  p r o f i l e  i n  shadow cas t  

bh7 a s b e s t o s  f i b e r ,  N.R.L. t e s t  r d i n g  45. 

P i c t u r e  Data 

F i l m :  N162 t’fll, 11-14-64 

R e p l i c a  S u b s t r a t e :  A1 Film 

Shadow: P t - C  

Specimen F i lm:  C 

Grat ing Data - 

Number: N.R.L. 45, 10-12-64 

Groove Frequency:1280 p./& 

Nominal S l o p e :  4 deg 35 min 

Meas, Height :  470 A 
Au-Ge (94$-6$) 
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Electronmicrograph showing t h e  gold-~ermanium (94% - 6%) f i l m  

5-n which N.H.L. 45’ was ru i ed .  

P i c t u r e  -- Data Evaporation Data 
0 

Fi lm:  N167 #6, 12-3-64 Mtl . / thick:  Au-Ge/3000A 

Repl i ca  Subs t r a t e :  A1 Film P r e s s u r e :  3-3.5 x 10-5’ mm 

Shadow: P t - C  Deposi t ion Rate: l & / s e c ,  

Specimen Film: C Coating Method: E l e c t r o n  Gun 
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E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove  p r o f ' i l c  i n  shadow c a s t  

b y  c s b e s t c s  fiber. T.T.R.L. t e s t  r u l h g  L6. 

G r a t i n g  Data - P i c t u r e  Data 

F i l m :  N164 #Is, 11-22-64 Nsmber: N.R .L .  46, 10-20-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  Groove Frequency:1280 gr./mm 

Shadow: PtcC Nominal S lope :  4 d e g  35 min 
Specimen Film: C IIeas. Height :  4.00 A 

-- 



I ‘Y- I 

Elcc tronroicro q a p h  showing an op t i ca l ly -po l  i shed  g l a s s  s u b s t r a t e  

c o a t e d  with a gold  f i l m .  N.R.L. 46 was r u l e d  i n  t h i s  f i l m ;  the  

f i l m  was depos i ted  i n  t h e  same run as  N.R.L. 47. 

P i c t u r e  Data Evaporation Data 

F i l m :  N167 #S, 12-3-64 Mtl./thick: Au/4OOO8 

Rep l i ca  S u b s t r a t e :  A1 Film Pressure :  5 x 10-5 mm 

Shadow: P t - C  Depos i t ion  Rate:  45l /sec 

- 

Specimen Film: C Coating Method: E l e c t r o n  G u n  



E l e c t r o n m i c r o g r a p h  showing g r e t i n g  g roove  p r o f i l e  i n  s h a d o w  cast 

by asbestos fiber, 1J.R.L. t e s t  ru- l ing  47. 

P i c t u r e  Data  

F i l m :  N l P O  #zo, I.-l9-65 

R e p l i c a  S u b s t r a t e :  A1 F i l m  

Shadow: Pt -C 

Specimen F i lm:  C 

G r a t i n g  Data  

Number: K.R.L. 47, 11-17-64 

G r  o ove Fr ec! 11 enc y : 1 2  80 g r  . /m 

Nomjnal S lope :  4 deg 35 min 

Meas. He igh t :  450 A 



Electronmicrograph showing a gold coa ted  glass s u b s t r a t e .  The 

s u b s t r a t e  was pol i shed  a t  Herron O p t i c a l  Company by a s p e c i a l  

unde r l i au id  m e t h o d .  T\T.R.L. 47 was r u l e d  i n  t h i s  f i l m ;  i t  was 

depos i t ed  s imul taneous ly  w i t h  N.R.L. 46. 

Evaporat ion Data ---- P i c t u r e  Data 

F i l m :  Nl67 #15, 11-22-64 M t l  . / th ick  : Au/Li OOO! 

Repl i ca  Subs t r a t e :  A1 Film Pres su re :  5 x 10-5 mm 

Shadow: P t - C  

Specimen Film: C 

Depos i t ion  Rate:  45 X/sec 

Coating Method: E l e c t r o n  Gun 



E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

b y  a s b e s t o s  f i b e r .  N .R .L .  t e s t  r u l i n g  48. 

P i c t u r e  Data Grating Data 

F i l m :  T;l180 #lo ,  1-19-65 Number: N.R.L. 48, 11-19-64 

R e p l i c a  S u b s t r a t e :  A1 Film Groove Frequency:  1280 p./m 

Shadow: Pt -C 

Specimen Fi lm:  C 

Nominal S lope :  4 deg 35 min, 

Meas. Height: 420 A 



Electronmicrograph showing t h e  gold f i l m  i n  which N.R.L. 48 

was r c J e d D  

R e p l i c a  Subs t r a t e :  A1 Film 

Shadow: P t - C  

Specinien Film: C 

Evaporzt ion Data 

Mtl ./ thick: A~/44008 
Pressure :  1 .2  x 10-5 mm 

Depos i t ion  Rate :  220 A/sec 
0 

Coating Method: Res i s t ance  



I 
I 

1 " .  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

1 
' P  

I 

Electronrni .crograph showing g r a t i n g  groove profile i n  shadow c a s t  

by  a s b e s t o s  f i b e r .  K.E.L. t e s t  ruling L r ? .  

P Ic t1xPe D a t a  - 
F i l m :  11166 #/ 2 ,  12-1-64 

R e p l i c a  S u b s t r a t e :  A1 Film 

Shadow: P t - C  

Specimen Film: C 

Grat ing Data 

Number: N.R.4. 49, 11-20-64 

Groove Frequency:  1280 gr./mm 

Nominal S lope :  4 deg  35 min 

Pleas. He igh t :  430A 

- - 



I .  

I ‘P 

Electronmicrograph showing t h e  g o l d  f i l m  i n  which R.R.L. 49 

w a s  r u l e d .  

P i c t u r e  Data Evaporat ion Data 

Film: N167 #20, 12-3-64 Mtl. / thick: Au/1300a 

R e p l i c a  Subs t r a t e :  A 1  Filn,  Pressure :  1.1 x 10-5 mm 

- - 

Shadow: P t - C  

Specimen Film: C 

Depos i t ion  Rate:  85 x/sec 

,Coating Method: Res i s t ance  



E l e c t r o n m i c r o g r a p h  showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

b y  a sbes tos  f i b e r .  N.R.L.  t e s t  r u l i n g  50.  

Grating Data - P i c t u r e  D a t a  

F i l m :  N166 #18, 12-1-64 Number: N.R.L. 50,  11-22-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  Groove Freauency:  1280 p./m 

Shadow: P t - C  Nominal S lope :  h deg  35 min 

Specimen Fi lm:  C " is .  R e i g h t :  380A 
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1 ‘P I 
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Elec t ro rn ic rog raph  showing t h e  gold f i l m  i n  which N.R.L. 50 

was ru l ed .  

P i c t u r e  Data 

F i lm:  N167 #29, 12-3-64 

Rep l i ca  Subs t r a t e :  A 1  Film 

Shadow: P t - C  

Specimen Film: C 

Evaporat ion Data 

Mtl./thick: Au/2700: 

Pressure :  9.5 x 10-6 mm 

Deposi t ion Rate:  135 8/sec 

Coating Method: Res i s t ance  



I ‘P I 

E l  ectroni-lilcro,g-raph showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

by a s b e s t o s  f i b e r ,  N.R.L. t e s t  r u l h g  51. 

P i c t u r e  Data  G r a t i n g  Data 

F i l m :  Nl81 $28, 1-19-65 Number: K.R.L. 51, 11-24-64 

R e p l i c a  S u b s t r a t e :  A1 F i l m  Groove Frequency:  1280 gr./mm 

Shadcv: Pt-C Nominal S l o p e :  4 deG 35 niin 

S p e c h e n  Film: C >leas. Height: 520 A 



t IP I 

Electronmicrograph showing t h e  gold  f i l m  i n  which N.R.L. 51 

w a s  r u l e d .  

P i c t u r e  Data 

Film: N l 7 O  #9, 12-7-64 

R e p l i c a  Subs t r a t e :  A 1  F i l m  

Shadow: P t - C  

Specirnen F i l m :  C 

Evaporat ion Data 

M t l  . / t h i c k  : Au/1600: 

P res su re :  3 x 10-5 mm 

Depos i t ion  Rate:  1 6  8/sec 

C o a t  i n g  PIethod : Res i s  t anc e 

I 



Electronmicrograph showing g r a t i n g  groove p r o f i l e  i n  shadow c a s t  

b y  a s b e s t o s  f i b e r .  N.R.L.  t e s t  r u l i n g  52. 

Gratinv Data 
L P i c t u r e  Data -2 

Film: Xl.70 $423, 12-7-64 Number: N.R.L. 52, 11-25-64 

Rep l i ca  S u b s t r a t e :  A1 Film Groove Freauency: 1280 p./m 

Shadow: Pt-C Nominal S lope :  4 deg 35 m i n  

Specimen Fi lm:  C Meas. Height:  540 A 



t IP , 
Electronmicrograph showing the  gold f i l m  i n  which N.R.L.  52 

was r u l e d .  

P i c t u r e  Data Evaporat ion Data 

Film: N170 #6, 12-7-64 Mtl./thick: Au/16001 

Repl i ca  Subs t r a t e :  A1 Fi ln?  Pressure: 3 x 10-5 m 

Shadow: P t - C  Deposi t ion Rate:  1 6  I / s e c #  

Specimen Film: C Coat ine; Net hod : R e s i s  tanc  e 



2 ,  Grat ing  and Fi lm E f f  i c i e n c g  Measurements 

Three t r i p s  t o  M r .  W i l l i a m  Hunter ' s  l a b o r a t o r y  a t  NRL f o r  r e f l e c t -  

ance and e f f i c i e n c y  measurements have been made s i n c e  t h e  l a s t  

r e p o r t  was prepared.  The t abu la t ed  d a t a  t h a t  fo l lows  a l s o  inc ludes  

s ix  g r a t i n g s  p rev ious ly  measured and i s  t h e r e f o r e  complete, 

T h i s  data w i l l  be p l o t t e d  i n  the  F i n a l  Report .  

The d a t a  a s  t a b u l a t e d  i s  w i t h  r e spec t  t o  a "Standard 

curve that i s  descr ibed  i n  Sec t ion  3 of t h i s  r e p o r t ,  This  curve 

i s  used t o  reduce v a r i a t i o n s  a t t r i b u t a b l e  t o  t h e  s p e c t r a l  va r i a -  

t i o n  o f  gold o p t i c a l  cons t an t s .  

~(10/23/64)" 

The remaining e f f i c i e n c i e s  a r e  

then  r e l a t e d  t o  t h e  o p t i c a l  shape and smoothness and d i f f r a c t i o n  

by t h e  grooves. 

It i s  l i k e l y  t h a t  the Standard (10/23/64)" curve w i l l  be  found 

r a t h e r  non-standard b y  l a t e r  work. I n  which case ,  t h e  o r i g i n a l  

d a t a  can be r e t r i e v e d  by mul t ip ly ing  t h e  reduced d a t a  b y  t h e  

"Standard" curve,  and a new c o r r e c t i o n  could t h e n  be appl ied .  

Gra t ing  NRL 42 measured on 1/13/65 a l r e a d y  exceeds t h e  "dtandard 

<10/23/64)" curve a t  wavelengths between 90 and 103 nanometers, 

Other d i f f i c u l t i e s  a r e  r epor t ed  i n  S e c t i o n  3. 

I n  t h e  t a b l e s  t h a t  fo l low,  both  wavenumber and wavelength u n i t s  

a r e  r e p o r t e d ,  The s p e c t r a l  i n t e n s i t y  d i s t r i b u t i o n  by a g r a t i n g  

i s  l i n e a r  i n  wavenumber, n o t  wavelength. There i s  e. v a l i d  pre-  

f e r e n c e  t o  p r e s e n t  t h e  ciata i n  terms of  wavenumber, Nor can one 

sugges t  t h a t  for small  ranges  of spectrum it does not  m a t t e r ,  

because 30 t o  200 nanometers i s  t h e  range here.  

- 35 - 



Table 1, Eff ic iency  measurements of t e s t  Ful ing NRL 4 re la t ive  
-. t o  "Standard (10/23/64)" gold ref lectance curve. 

Wavelength Relative Efficiencies $ Wavenumber 
i n  Unruled Oth, 1st I i n  

Millimicrons Area Order Order Kilokaysers 

92 
95 

103 
112 
116 
122 

61.1 18.1 24.8 138.8 
64,6 19.4 24.8 105.3 
64.2 23.6 20.7 97.1 
63.6 26,6 17.5 89.3 

29.8 16.8 86.2 %:J 31.4 14.8 82.0 

Note: The 2nd Order was observed throughout t h e  eff ic iency 
rlleasurements and reached a high of 5,9$ a t  92 millimicrons, 

Table 11. Efficiency measurements of t e s t  rul ing NRL 6 r e l a t i v e  
t o  "Standard (10/23/64)" gold ref lectance curve,  

Wave 1 erg t h R e l a t i v e  Efficiencies $ Wavenumber 
i n  Unruled 0 t h  1st i n  

Millimicrons Area Order Order Kilokaysers 

92 61.1 23.5 22.8 108.8 
23.3 195.3 
18.6 97.1 
17.6 96.2 

95 67.7 
62.1 

10 59.9 
61.7 3Q.5 15.6 89.3 112 

116 62.8 32.5 14.9 86.2 
122 61.5 3 e 3  13.6 82.0 

lo2 

Note: The 2nd Order was observed throughout t h e  eff ic iency 
measurements and reached a high of 6.0% a t  92 millimicrons. 



I Table 111. Eff ic iency  measurements of tes t  r u l i n g  MIL 7 r e l a t i v e  
t o  "Standard (10/23/64) 'I gold r e f l ec t ance  curve. 

Wavelength Rela t ive  Eff lc ienc ies  $ Wavenumber 
i n  Unruled 0th 1st i n  

M i  1 lLmi crona Area Order Order Kilokaysers 

92 
95 

103 
106 
112 
116 
122 

27.6 
2.1 

40.7 
41.7 
42.2 
46.0 
45.0 

14.8 
17.3 
19.3 
29.8 
22.8 
25.5 
26.0 

22.8 
24.8 
2010 
18,8 
16.2 
16.1 
13.6 

108.8 
105: 3 
97.1 
94.3 
89.3 
86.2 
82.0 

Note: The 2nd Order was observed throughout t h e  e f f i c i ency  
measureiuents and reached a peak of 6.0% a t  95 millimicrons.  

Table IV. Ef f lo lency  measurements of tes t  r u l i n g  NRL 13 r e l a t i v e  
t o  "Standard (10/23/64)" gold r e f l ec t ance  curve. 

Wavelength Rela t ive  Eff ic ienc ies  $ Wavenumber 
I n  Unruled 0th 1st i n  

Mill imicrons Area Order Order Kl lolcays e ra  

85 
92 
95 
103 
112 
113 
116 
122 

2.7 
2.5 

4.4 
9.4 

2:; 
1 y  

1 :2 
21.2 
15.5 
11,2 

20.5 
22.6 
2019 

1'1:z 
22.8 
28.6 

9.5 ' 

143.0 
135.2 
125.0 

$7.1 
9.3 

88.5 
8G. 2 
82;O 

Note: The 2nd Orde r  was observed throughout t he  e f f i c i e n c y  
measurernents and reached a peak of 11.38 a t  95 mlllLmlcrons. 



Table V. Efficiency measurements of t es t  r u l i n g  NRL 1 4 , r e l a t i v e  
t o  "Standard (10/23/64)" gold reflectance curve, 

Wavelength Relative Efficiencies $ Wavenumber 
i n  Unruled 9 t h  1st i n  

Millimicrons Area Order Order Kilokaysers 

70 

83 
85 
92 
95 

. 103 
112 

Z8 

113 
116 
122 
124 

7.9 
11.2 
11.6 
14.7 
6.0 

2011 
24.1 
25.7 
29.2 
33.6 
32.9 
34.3 
36. 6 

0 

9.7 
13.9 
13.0 
13.6 
15.7 

18.5 
23.8 
9.2 

10.7 

2 2  
36.8 
34.3 

26.1 

2 04 

3 22.3 09 

2$. 6 

105.3 
97.1 
89.3 
89.5 
86.2 
82.0 
80.7 

Note: The 2nd Order was observed a t  113, 122 and 124 millimicrons, 
with a peak of 26.w a t  122  millimicrons. 

Table V I .  Efficiency measurements of test r u l i n g  NRLiS  r e l a t i v e  
t o  "Standard (10/23/64)" gold reflectance curve. 

Wavelength Relative Efficiencies $ Wavenumber 
i n  Unruled 0 t h  1st i n  

Millimicrons Area Order Order Kllokaysers 

122 
124 
128 
133 

149 
157 
161 

49.1 
27.0 
4$:8 
61.7 
63.1 
65.2 
68.6 
66. 9 

8.3 
7.0 
7.4 
6.0 
7.0 
6.2 

32.0 
35.5 

1.2 
45.4 

50 . 
27.0 

49.i 

5% 2 
57.3 

82.0 
80.7 
78.2 
75.2 
73.0 
69.4 
67.1 
63.7 
62.1 

Note: The 2nd Order was observed a t  122, 124 and 128 millimicrons, 
w i th  a peak of 7,6$ a t  124 millimicrons, 



Table VII, Eff ic iency  measurements of t e s t  r u l i n g  MIL 16 r e l a t i v e  
t:, "Standard (19/23/64)" gold r e f l ec t ance  curve. 

Wavelength Rela t ive  Eff ic ienc ies  $ Wavenumber 

Area Order Order Kilokaysers 
Unruled 0 t h  1st. i n  i n  

M i  11 imic Tons 

28.1 
29.5 
28.2 
29.4 
29.2 
32.8 
35.8 
37.2 
23.5 
16.6 
14,4 
14.6 
14.2 

1.6 
1.0 
0.0 
1.0 
0 .o 
0 e o  

0.0 
0 e o  

1.0 
1.0 
1.5 
0 -9  
1.4 

37.3 
40 . 5 
43 . 5 
42.6 
43.7 
48.2 
51.8 
51.8 
32.6 
27.5 
24.3 
18.4 
16.5 

74.1 
71.4 
69.4 
68.5 
67.1 
65.8 
63.3 
62.1 
57.8 
56.2 
54.1 
52.4 
51.0 

Table VIII. Eff ic iency measurements of t e s t  r u l i n g  NRL 17 r e l a t i v e  
t o  "Standard (10/23/64) " gold r e f l ec t ance  curve. 

'Wavelength ' Rela t ive  Eff ic ienc ies  76 Wavenumber 

Mill imicrons Area Order Order Ki 1 o Ira y s e rs 
Unruled 0 t i l  I 1st i n  i n  

63.7 R6 62.1. 
10.1 9 60.4 57.4 
38.5 0 5 Z 8  55.6 1 3  

185 37.6 0 51.5 54.1 
192 41.3 0 52.2 52.1 51.3 2;:: 50.0 
195 41.7 0 
233 42.1 0 

157 35.3 0 
161 ?5.2 0 
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I 
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I 
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I 
I 

Table IX. ECficiency measurements of tes t  r u l i n g  NRL 19 r e l a t i v e  
t o  "Standard (19/23/64)" gold r e f l e c t a n c e  curve. 

Wavelength Rela t ive  Ef f i c i enc ie s  $ lfavenumber 
i n  Unruled 0 th l s t ,  i n  

M i  l l i m i  c r 3ns Area Order Order K i  lolcay s ers 

122 
128 
135 
144 
149 
152 
158 
161 
173 
178 

5.3 
7.4 
2.7 
8.7 

Note: The 2nd Order was observed throughout t he  e f f i c i e n c y  
measurements and reached a peak of 5.0$ a t  158 mill imicrons,  

Table X. Eff ic iency  measurements of t es t  r u l i n g  NTJ; 29 r e l a t i v e  
t o  "Standard (10/23/64)" gold r e f l e c t a n c e  curve. 

Wavelength Rela t ive  Ef f i c i enc ie s  $ Wave numb e r 
i n  Unruled 0 t h  1st. i n  

Mill imicrons Area Order Order K i  1 okays e r s 

83 
92 
95 

193 
116 
122 

120.5 
108.8 
105.3 
97.1 
86.2 
82.0 

Note: The 2nd.  Order was observed a t  ,116 and 122 rn i l l imicrms w i t h  
a r e l a t i v e  e f f i c i e n c y  of  3.0$. 



Table X I .  Ef f ic iency  measurements of t e s t  r u l i n g  NRL 21 r e l a t i v e  
t o  "Standard (10/23/64)" gold r e f l ec t ance  curve. 

Wavelength Rela t ive  Ef f i c i enc ie s  $ IJavenwnber 
i n  Unruled 0 t h  2nd i n  

Mill imic r on3 Area Order Order Kilokaysers 

30 
55 
92 

118 
124 
137 

109.0 No data  No data 
69.0 No data  No data 
98.0 3.4 55.7 
92.1 78.6 45 . 0 
88.0 6.8 
86.2 7.8 
96.5 
81.1 

9.3 
50.3 

56.9 
33.5 

333. 3 
182-0 
m;r3 

97.1 
92.6 
89.8 
83. 7 
73.0 

Note: 2nd Order  re la t ive  e f f i c i ency  is  given i n  t h i s  table. No 
1 s t  Order data was v i s i b l e  except a t  137 mill imicrons which 
had a r e l a t i v e  e f f i c i ency  of  8,.6$, 

numerical  e r r o r s  and t h e y  were rechecked on  d i f f e r e n t  
ga in  s c a l e s  a t  the t ime o f  measuremonk. 

Comment: The va lves  a t  l o 3  mi l l imicrons  are not  h igh  because of 

Table XII. Eff ic iency  measurements of' tes t  r u l i n g  NRL 22 r e l a t i v e  
t o  "Standard (10/23/64)" gold r e f l e c t a n c e  curve. 

Wavelength Rela t ive  Ef f i c i enc ie s  $ Wavenumber 
i n  Unruled 9 t h  1st i n  

Mill imicrons Area Order Order Kilokaysers 

50 
55 
63 
69 
76 
78 
89 
83 
92 
95 

103 
116 
122 

36.1 
28.6 
43.5 
49.7 
41.1 
45.4 
47.3 
51.0 
56.9 
53.8 
49.4 
48.0 

21.4 
3.6 

5.7 
6.5 
4.3 
1.8 
1.8 
0.0 
3.4 
3.7 
3.6 
6.2 
5.9 

609 
57.3 
26.8 
49.3 
60.3 
69.2 
69.3 
71.2 
7913 
75.2 
74.6 
64.3 
52.5 
59.8 

299.0 
18259 
158.8 
145.9 
131.7 
128.2 

97.1 
86.2 
8210 

Note: The 2nd Order was observed from 80 mill imicrons through 
50 millimicrons and pealci a t  55 mill imicrons wi th  a 
r e l a t i v e  e f f i c i ency  o r  33356. 



Table XIII. Eff i c i ency  measurements of t e s t  ru l ing  NRL 23 r e l a t i v e  
t o  "Standard (10/23/64)'' go ld  ref lectance Curve. 

Wavelength Relative Efficiencies $ Wavenumber 
i n  Unruled 0 th  1st i n  

Millimicrons Area Order Order Kilolcays era 

32 
38 
45 
51 
55 
63 
69 
79 

83 
90 

&36 
92 
95 

134 
112 
i i 6  
122 
134 
137 

133.3 
109 3 
103.0 
193 0 
103 0 
109 . 0 
193.0 
,103.0 
103.0 
139.0 
133 . 0 
103 0 

99.4 
91.7 
85.7 
75.3 
77.2 
78.7 
76.7 
78.5 

17.9 
21.1 

No data 
29.1 
11.4 
6.1 
1.9 
2.3 
1.2 
1.2 
1.3 
1.3 

3.0 
3.6 
6.5 
6.2 

8.9 
21.3 

No data 
9.6 
1.4 

12,2 
24.6 
25 . 
5113 
55.9 
51.7 
57.1 

49. 
49.4 
59.8 
44.0 
43.6 

64.;: 

313.9 
263.5 
222.0 
196.0 
182.3 
1 8.8 

143.0 
131.6 
125.3 
123.5 

1 5 . 0  2 

111.2 
138.8 
195;2 
96.2 
89.3 
86.2 
82.0 
74.7 
73.0 

iJote: (1) The 2nd Order was observed throughout  almost t he  
e n t i r e  spectral  range wi th  a peak re la t ive  eff ic iency 
of 23.8:; a t  55 millimicrons. 

mi l l imicrons  with a peak r e l a t ive  eff ic iency of 22.1$ 
a t  69 millimicrons, 

(2) The 3rd  Order was observed from 51 through 90 



Table XIV. E f f i c i ency  measurements of t e s t  r u l i n g  NRL 24 re la t ive  
t o  "Standard (19/23/64)" g9l.d r e f l ec t ance  curve.  

Wavelength Relative Ef f i c i enc ie s  $ \lavenumber 
i n  Unruled. 9 t h  1st i n  

Mi l l imicrons  Area ' Order Order Kilokaysers 

55 
61 
63 
68 
76 
93 
93 

163 

9.9 0.3 0.0 313.9 
53.5 22.8 75.0 222.0 

182.0 
164.0 
1 8.8 

13.4 13. 68.8 I 1 7 . 0  
9.3 13.9 72.8 131.6 

10.7 69. 120.5 
19. 18.9 69.6 197. 5 

15.0 55.0 97.1 

206: 39 8.6 
8.5 

2 14.2 63.2 

l 0 * Z  
22.1 

Note: The 2nd Order was observed throughout the en t i r e  spectral  
range with a peak re la t ive  eff ic iency of  14,7$ a t  63 
millimicrons. 



IJa v e 1 t3 nG t h R e l a t i v e  ai 'i ' iciencies $ IlavcnLunbcr 

Tali 11 hni c r 3ns Area Order Order K i 1 o Ica y s e r s 
i n  Unruled 3 th  Is t i n  

45 
51 
55 
61 

92 
96 

133 

81.2 
73.7 
69.7 
67.2 
67.5 
73.4 
78.2 
76.3 
81.0 
93: 3 

133.3 
133.3 
1-99 . 9 
88.4 
86.7 
93.1 
89.1 

1 ;3  
6.7 
7.5 

11.4 
12.2 
16.9 
22.1 
25.4 

31.4 
49.5 
42.8 
51.9 
57.6 
55.6 
5'3.9 
62.3 
65.1 
61.6 
53.6 
43 . 6 
43 . 4 
54.1 
8.1 

222 3 
196.9 
192.3 
1-64 . 3 
158 8 

123.5 
135.9 
134.3 

97.1 
91.8 
Y!. . 3 
83.7 
73.3 

N D t e :  (1) The 2nd Order was Dbservcd throughout  t h e  e n t i r e  s p e c t r a l  
range w i t h  a peak re la t ive  e f f i c i e n c y  o f  18.$ a t  51 
mill imicrons and 30.3$ a t  137 mil l imicrans,  

The 3 r d  Order was observed between 51 and 61 mil l imicrans 
and t h e  4 th  Order  was abserved a t  55 mill imicrons.  

(2 )  

i 



Table 1 ~ .  E f f i c i e n c y  measurements o f  t e s t  r u l i n g  NRL 26 r e l a t i v e  
t o  "Standard (1*3/23/64)" g a l d  ref lectance c u r v e ,  

Wave 1 eng t h R e l a t i v e  ETficiencies $ ITa venwnber 
i n  Unrl u 1 e d 3 t h  1st i n  

Millimicrons Area Order Order Kilalray- 13ers 

45 
51 
55 
61 
63 
69 

79 
83 
92 
96 

133 

81.2 
72.7 
69.7 
67.2 

73 . 
78.2 
76.9 
81.3 
93.3 
133.0 

67.3 

133.9 
193 13 
83.4 
86.7 
93.1 
83.1 

11.8 
2.4 
1.1 
9.3 
0.9 
9.6 
0.9 
9.0 

11.3 
3.3 
6.7 
6.0 
1114 
14.3 
19.9 
23.8 
23.8 

31.8 
23.7 
24.2 

33.9 
46.8 
5213 
55.5 
53.9 
65.9 
71.8 
65.4 
63.9 
52.1 
43.4 
59.9 
5.4 

222 9 
196.3 
182.3 
164.3 
158 . 8 
145 . 3 
143.3 
131 . 6 
126.7 
129.5 
153.8 
194.3 
97.1 
91.8 
84.3 
8917 
73.9 

I Note: (1) The 2nd Order was observed t h r m g h a u t  almast t h e  e n t i r e  
spectral  range w i t h  a peak r e l a t ive  eff ic iency of  2 G . e  
a t  51 millimicrons. 

(2) The 3rd  
and t h e  4th. Order was observed a t  55 millimicrons. 

Order was observed f r a m  51 throilgh 63 millimicrons 



Table X v I I .  E f f i c i e n c y  measurements of  t e s t  r u l i n g  NRL 28 relat ive 
t o  "Standard (193/233/64) gold  ref lectance curve. 

'Wavelength Relative Ef f i c i enc ie s  $ Wavenumber 
i n  Unruled 3 t h  1st .) i n  

Millimicrons Area Order Order Kilokaysers 

45 
51 
55 
61 
69 
76 
83 
92 
96 

103 
117 
122 
137 

99.9 
74.6 
71.7 
63.6 
74.9 
74 . 7 
86.9 
92.7 
93.2 
92.9 
82.8 
86.4 
82.7 

5.9 
7.1 
8.6 
8.5 
9.7 
8.9 
19.0 
12.1 
13.5 
19.3 
23.9 
25.4 
28.1 

25.9 
33.2 
36.6 
33.9 
48.7 
48.2 
52.7 
54.4 
56.4 
47.9 
33.8 
31.4 
19.8 

222.3 
196*9 
182.9 
164.3 
11!5 . 0 
131& 
129.5 
108 . 8 
134 3 

97.1 
85.5 
82.0 
73.0 

Note: (1) The 2nd Order was observed throughout t h e  en t i r e  s ec t ra l  
ranges with high relative e f f ic ienc ies  of 15*3$ a t  &J 

millimicrons and 22.2% a t  ,137 mil l imicrons . 
The 3rd 
and t h e  4th 
microns and a t  137 millimicrons. 

( 2 )  Order was observed from 45 through 61 millimicrons 
Order was observed from 45 through 51 m i l l i -  
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Table XVIII. 

Wavelength 

Mi l l imicrons  
i n  

45 
51 
55 
6 1  
69 
76 
83 
92 
96 

103 
117 
122 
137 

Eff ic iency  measurements of t e s t  r u l i n g  NRL 29 r e l a t i v e  
t o % t a n d a r d  (10/23/64)" gold r e f l e c t a n c e  curve. 

R e l a t i v e  E f f i c i e n c i e s  % Wavenumber 

Area Order Order Xilokays e r  s 
Unr ul ed 0 t h  1s t  i n  

Note: (1) The 2nd Order was ohserved throughout  t h e  e n t i r e  spec- 
t r a l  range w i t h  a peak r e l a t i v e  e f f i c i e n c y  o f  13.6% 
a t  122 mi l l imic ronso  

(2 )  The 1st Order was observed from 45 through 6 1  m i l l i -  
microns 

(3) The 3rd, 4th, and 5 t h  Orders were observed a t  51 and 
55 mil l imicrons .  



Table XIX. Eff ic icncy  measurements of t e s t  r u l i n g  IJRL 33 r c l a t i v e  
t o  "Standard (13/23/64)" gold r e f l ec t ance  curve. 

Wavelength Relat ive Ef f i c i enc ie s  $ tJavenunber 
i n  Unruled 9 t h  1st , i n  

Mi 11 imic  rms Area Order Order K i  1 olca y s e r  s 

21.3 
27.3 
29.1 
33.7 
34.9 
43.5 
47.5 
57.3 
67.8 
58.5 
55.4 

4.3 
13.9 
9.3 

21.7 
22.3 
37.9 
34.0 
32.7 
43. 3 
49.7 
32.9 

333.3 
217.5 
196.3 
182.3 
1611.3 
145 . 0 
131.6 
123.5 
198 . 8 
97.1 
84.0 

Table XX. Efficiency measurements of t es t  r u l i n g  NRL 31 r e l a t i v e  
t o  "Standard (19/23/64)" go ld  r e f l ec t ance  curve. 

I.Ja v e 1 e ngt h 
i n  

Mi l l imic rms  

33 
LI.5 
51 
55 
62 
70 
76 
79 
33 
93 
96 

131 
134 
135 
113 
124 

Relative 
Unruled 
Area 

46.8 
29.4 
18.2 
17.9 
23.0 
31.1 
34 . 6 
36.8 
44 9 
44.9 
5 c 9  
49.6 
511 . 3 
49.0 
59.6 
52.9 

Eff i c i enc ie s  $ 
3th 1st 
Order Order  

0.3 34.1 
'3.3 
0.9 
0.9 
0.3 
0.7 
1.9 
3.1 
3.3 
8.8 
8.3 

13.1- 
14.3 
111 . 3 
19.3 
21.5 

i7.7 
39.8 
29.7 
33.8 
42.4 
46.9 
46.6 
46.0 
44. 1 
45 . 9 
41.6 
43 . 6 
36.8 
31.3 
28.5 

\I a v e numb e r 
i n  

K i  1 okays ers 

333.3 
222.3 
19G.O 
182.0 
161.3 
143 . 0 
131.6 
126.7 
129.5 
111.2 
134. 3 
99.3 
96.2 
9"r.G 
84 8 
89.7 

Note: The 2nd O r d e r  was observed fram 79 thraugh 124 m i l l i m i c r D i i s  
w i t h  a peak r e l a t i v e  e f f i c i ency  of 4.2;; a t  118 n i l l i m i c r m s ,  



Table X I ,  

Wavelength 
i n  

E f f i c i e n c y  measurements of  t e s t  r u l i n g  NRL 32 r e l a t i v e  
to t tStandard (10/23/64) '' gold r e f l e c t a n c e  curve. 

R e l a t i v e  E f f i c i e n c i e s  %- 
' Jnruled utn. 1st 

Wavenumber 
i n  

Mi l l imicrons  Area Order Order Kiloka y s  e r  s 

30 
37 
42 
48 
53 
55 
61 
68 
75 
83 
90 
92 
95 
98 
103 
107 
112 
117 
122 

4.2 
4.0 
25.0 
1 7  
15.4 
16.6 
19.8 
27 * 3  
29.4 
47.3 
45;9 
55.2 
54.9 
60.9 
57.8 
56.2 
58.5 
59.4 
57.0 

0 
0 
0 
0 

1.9 
007 
1.2 

0 
1*2 
3 .3 
5.0 
7.7 
11.3 
1200 
15.0 
14.6 
i6;8 
2192 
21.8 

0 
0 
0 

- 0  

be9 
8.9 
16.9 
20 eo 

24.0 
20;L? 
-232 
26 ;3 
24.8 
24 ;3 
22.2 
2201 
18.2 
16.5 

6 .o 

33.3 0 3 
268.0 
239.2 
209.0 
190.0 
181.0 
164.3 
146 e3 
133.7 
120 e o  

111.2 
108.8 
105.3 
102 4 
97.1 
93.8 
89.3 
85.1 
82 .o 

Note: The 2nd Order w a s  observed f r o m  75' mi l l imicrons  t h o u g h  
122 mil l imic rons  wi th  a peak r e l a t i v e  e f f i c i e n c y  of 9.0% 
a t  98 and 112 mil l imlcrons .  
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Table XXII. 

Wavelength 
i n  

M i l  1 i m  i c r on s 

83 
90 
95 

101  
103 
130 
115 
122 
125 
234 
140 
146 
152 
161  

Note: 

W f i c i e n c y  measurements o f  t e s t  r u l i n g  NRL 33 r e l a t i v e  
t o  "Standard ( 10/23/64)'E gold r e f l e c t a n c e  curve. 

R e l a t i v e  Ef ' f ic iencies  % 
Unruled Oth, 1st  
Area Order Order 

78,o 

81.6 
7401 
72.8 
6904 
60,2 
65.9 
68.8 

7100 
73.6 

71.1 

70.1 

77 .4 
8009  

40.0 
35.2 
47.7 
40.3 
40 e7 

36 e9 
35.3 
41.6 
32.6 
33 07 
31.5 

36 b ?  

24.0 29.0 
26.6 29.2 

Wavenumber 
i n  

Xiloka y s e r  s 

120.0 
111.2 
105 3 

9900 
97.1 
90 07 
8703 
82.0 
79.8 
74.4 
71.5 
68.3 
65.9 
62.2 

The 2nd Order was observed throughout  t h e  e f f i c i e n c y  
measurements and reached a high- ( r e l a t i v e  e f f i c i e n c y )  
of 12.0% a t  83 mil l imicrons.  



Table XXIII. 

Wavelength 
i n  

Mil l imicrons 

m f i c i e n c y  measurements of t e s t  r u l i n g  NRL 34 r e l a t i v e  
to ' tStandard (10/23/64)" gold r e f l e c t a n c e  curvee 

' Rela t ive  EX'ficiencies % 
Unruled 0th " ., 1st 

Wavenumber 
i n  ~~ - . 

Area OTder Order K i l o g y s e r s  

39 e 6  
42.2 

4.9 
6 06 

Order was observed f r o m  83 mi l l imicrons  through 
The 125  m 2* ximicrons and reached a h i g h  ( r e l a t i v e  e f f i c i e n c y )  
of a t  83 m i l l i m i c r o n s ,  

Note: 

Table XXIV.  

Wavelength 
i n  

Mil l imicrons 

3; 
63 
70 
76 
79 
83 
92 

102 

Eff i c i ency  measurements of t e s t  r u l i n g  NRL 35 r e l a t i v e  
t o  "Standard (10/23/64)" gold r e f l e c t a n c e  curve. 

R e l a t i v e  ETf i c i e n c i e s  % Wavenumber 
Unr ul ed 0 t h  Is t i n  

Area OFder Order Kilo-:aysers 

333.3 
181.0 
159.3 
142 . 8 
131.7 
127.1 
120 0 
108.8 

97.1 

Note: The 2nd Order was v i s i b l e  a t  30 and 55 mil l imicrons  and 
r e a c h T a  high ( r e l a t i v e  e f f i c i e n c y )  of  SloO$ a t  
30 mi l l imicrons  e 



Table XXV. E f f i c i e n c y  measurements of t e s t  r u l i n g  NRL 36 r e l a t i v e  
t o  "Standard (10/23/64)11 gold r e f l e c t a n c e  curve,  

I 

Wave1 engt  h 
i n  

Mi l l imicrons  

101 

110 

122 

105 

114 
125 
120 
134 
140 
146 

R e l a t i v e  E f f i c i e n c i e s  % 
Unruled 0 t h  1st  

Area Order Order 

57.6 27.4 
56.3 
50.0 

29.6 
3207 

63.2 1.2 20 , l  
65.9 209 2 0 3  
67.1 11.5 27.8 
62.5 9.7 2%,4 
63.1 11 e4 26.1 
7207 16,8 30.0 
7396 20.3 30.0 

Wavenumb e r  
i n  

K i l  oka y s  e r  s 

9900 
95.4 

Note: The 2nd Order was observed throughout  t h e  s p e c t r a l  range  
w i t h  a peak r e l a t i v e  e f f i c i e n c y  of la?% a t  125 mil l imic rons .  



Table X X V I .  Efficiency measurements of tes t  ru l ing  NRL 37 relat ive 
t o  "Standard (10/23/64) " gold reflectance cume.  

Wavelength 
i n  

Mil l imic rons 

55 
58 
63 
70 
76 
79 
83 
92 
95 

100 
105 
112 
118 
122 
123 
128 
135 

Relative Efficiencies $ 

Area Order Order 
Unruled 0th ~ 1st 

23.8 
26.3 
25.6 
35.8 
40.7 
45 07 
57.3 
63.1 
71.4 
63.5 
66.9 
81.2 
77.6 
77 -7 
77 02 
78.4 
82.8 

0 
0.4 
1.3 
1.3 
1.2 
1.2 
4 07 
5.4 
8.2 
8.0 

11.3 
16 -9 
19.4 
20 eo 
21  .o 
25.0 
29.8 

22.4 
27 .O 
27.8 
45 00 
40.8 
44.5 
47.3 
58.4 
58.8 
54.0 
46.5 
44.2 
43 .O 
38.2 
36.3 
35 .a 
35 02 

Wavenumber 
i n  

Kilo3tayaers 

181 .o 
171 .O 
159.3 
142.8 
131 07 
127.1 
120 .o 
108.8 
105.3 
99.5 
95.4 
89.3 
84.6 
82 .o 
8 ~ 3  
78.4 
73.9 

Note: The 2nd Order was observed from 55 mil l imicrons throzgh 
70 millimicrons and at 112, 118,and 135 mill imicrons,  
The 2nd Order reached a high ( re lat ive efficiency) of 
8.3% a t  55 millimicrons. 
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Table Xxvrr, Eff ic iency measurements of t e s t  r u l i n g  NRL 38 r e l a t i v e  
t o  "Standard (10/23/64)" gold  re f lec tance  curve . 

Wavelength Relat ive Eff ic ienc ies  $ Wavenumber 
i n  Unruled 0th , 1st ? n 

X i  11 imic rons Area Order Order Kilokaysers 

55 
58 
63 
70 
76 
79 
83 
92 
95 

100 
105 
112 
118 
122 
123 
128 
135 

23.8 
26,3 
25.6 
3508 
40.7 
45 07 
57 .3 
6 3 ~  
71.4 
63.5 
66.9 
81.2 
77.6 
77 07 
77.2 
78.4 
82.8 

3.1 
2,6 
3.5 
5.3 
5 06 
6 07 
9.3 
13.4 
17 .O 
16.1 
21 01 
27 03 
34.0 
34.1 
35.1 
38.6 
46 .O 

23.8 
25 -6 

33.1 
32.8 
33 .6 
42.7 
40.3 
45 05 
16.0 
32.4 
33.1 
29.1 
25.9 
24 .O 
23.8 
22.2 

25 07 

181 .o 
171 .O 
159.3 
142.8 
131 -7 
127.1 
120 00 
108.8 
105.3 
99 05 
95.4 
89 .3 
84.6 
82 .o 
81.3 
78.4 
73 .9 

Note: The 2nd Order was observed from 55 mill imicrons through 
70 millimicrons and a t  112 mill imicrons.  The 2nd Order 
reached a high ( r e l a t i v e  e f f i c i ency)  of 4.1s a t  
55 millimicrons . 



' Table XXVIII, Eff ic iency  measurements of t e s t  ru l ing  EKL 39 r e l a t i v e  
t o  "Standard (10/23/64)" gold re f lec tance  curve . 

Wavelength Relat ive Eff ic ienc ies  Wavenumber 
i n  Unruled 0th Is t i n  

Millimicrons Area Order Order Kilokaysers 

30 
34.5 
37 
42 
46 
51 
55 
61 
68 
75 
83 
92 

103 

36.2 
52.3 
56 .o 
57.9 
63.2 
50.9 
43 05 
44.5 
54,6 
58.1 

0 
'- 0 
0 
0 
0 

5.3 
5.2 
2.8 
3.3 
7 .5 

11.3 
16.8 
22.2 

0 
0 
0 

13,2 
24.4 
36.7 
32.8 
24.7 
31.2 
3308 
39.4 
39 .o 
31.4 

333.3 
290 .O 
268.0 
239.2 
217.5 
197 .O 
181.0 
164.3 
146.3 
133 07 
120 .o 
108 . 8 
97.1 

Note: The 2nd Order was observed from 30 mill imicrons through 
61 mill imicrons and reached a high ( r e l a t i v e  e f f i c i ency)  
of 46.08 a t  42 mill imicrons.  

Table XXIIL;. Ef f ic iency  measurments of t e s t  ru l ing  NKL 40 r e l a t i v e  
t o  "Standard (10/23/64) gold re f lec tance  curve. 

Wave 1 ength Relat ive Ef f i c i enc ie s  $ Wavenumber 
i n  Unruled 0th 1st i n  

Mill imicrons Area Order Order Hiloqays e r  s 

30 
34.5 
37 
42 
46 
51 
55 
61 
68 
75 
83 
92 

103 

2::; 
56.0 
57.9 
63.2 
50.9 
43.5 
44.5 
54.6 
58.1 
75.3 
78.5 
85.0 

0 
0 
0 
0 
0 

3.0 
1 .? 
0 
0 

1.9 
2 00 
4.7 

11.4 

0 
.o 

61.0 

13.2 
16.8 
20.1 
22.8 
20.3 
30 .5 
35 .6 
48.0 
45.0 
45 .O 

333.3 
290 . 0 
268.0 
239 2 
217.5 
197 00 
181 .o 
164.3 
146.3 
13307 
120 -0 
l08I8 
97.1 

Note: The 2nd Order was observed from 30 mill imicrons through 
75 mill imicrons and reached a peak ( r e l a t i v e  eff ic iency)  
of 46.0% at  42 mill imicrons . 



Table XXX. E f f i c i e n c y  measurements o f  t e s t  r u l i n g  NRL 41  r e l a t i v e  
t o  'Standard (10/23/64)" gold r e f l e c t a n c e  curveo 

Wavelength R e l a t i v e  E f f i c i e n c i e s  5 Wavenumber 
i n  Unruled 0 t h  1st i n  

Mil l imicrons Area Order O-rder Xilokays e r  s 

71 
76 
78 
83 
90 
92 
95 

101 
105 
114 
110 

14002 

Note: The 2nd Order was observed through most of t h e  s p e c t r a l  
range wi th  a peak r e l a t i v e  e f f i c i e n c y  of 2.1% a t  105 
mil l imicrons.  

Table  XXXI. E f f i c i e n c y  measurements o f  t e s t  r u l i n g  NRL 4 2 ' r e l a t l v e  
t o  nStandard (10/23/64) gold r e f l e c t a n c e  curve. 

Wavelength R e l a t i v e  E f f i c i e n c i e s  % Wavenumber 
i n  Unrulsd 0 t h  1st  i n  

Mil l imicrons Area O r d e r  Order Ki lokaysers  

56 
61 
63 
68 
7 1  
76 
83 
90 
92 
95 
99 
103 

5702 090 
62 04 000 
56.1 000 
77.7 000 
7906 000 
7 7 3  006 

10102 1.3 
9303 0.7 

10007 1.3 
1 e5 
1.5 

110.6 1.4 

86.9 
89.3 

1.00~8 
9409 
90.7 

177.4 
164.3 
159.3 
146.3 

131.7 
12000 
111 0 2 
108.8 
105.3 
10100 

97.1 

Note: The 2nd Order was observed through most  of t h e  s p e c t r a l  
range and reached a high r e l a t i v e  e f f i c i e n c y  of 21.6% 
a t  56 mi l l imic rons ,  



Table XXXII, Eff ic iency  measurements of t e s t  r u l i n g  NRL 43 r e l a t i v e  
. t o  "Standard (10/23/64) gold r e f l ec t ance  curve . 

Wavelength Relative Ef f i c i enc ie s  $ Wavenumber 
i n  Unruled 0 th -  1st i n  

Millimicrons Area Order Order KiloKaysers 

37.9 0 
36.2 0 
36.1 0 
49 .O 0 
52.5 
68.0 

0 
3.3 

34.6 

40.4 
52.3 

38 .o 

53.7 
61.3 

74.5 6 07 57 07 
81.4 10 07 45 07 

197 -0 
181 .o 
159.3 
142.8 
131 07 
120 .o 
108.8 
97.1 

Note: The 2nd Order was v i s i b l e  throughout almost the e n t i r e  
s p e c t r a l  range with a h2gI-i relative e f f i c i e n c y  of 3.6% 
a t  lo3 mill imicrons.  

Table XXXIII, Eff ic iency  measurements of tes t  r u l i n g  NKL 44 r e l a t i v e  
t o  "Standard  (10/23/64) gold ref l e e  tance curve. 

Wavelength Re la t ive  Ef f i c i enc ie s  $ Wavenumber 

Millimicrons Area 7 Order Order KiloXays e r s 
i n  Unruled 0th.  1st An 

30 
37 
43 
51 
55 
68 
76 
83 
92 

103 
111 
122 

14.9 
12  .o 
11.7 
8.3 
5.9 

15.6 
24.1 
38.0 
49 .O 
58.6 
67.4 
61.8 

0 6.4 
5 -3 20.0 
4.0 41.5 

55 -0 
0 07 39 07 
1.9 63 03 
4.9 57.4 
8.7 66.7 

15.8 68.8 
23.6 58.6 

c l Q  
I .V 

30.9 1.2 23:; 

333.3 
268.0 
230.5 
197 .o 
181 .o 
146.3 
131 -7 
120 00 
108.8 
97.1 
82.0 
90.2 

Note: The 2nd Order was observed throughout the e n t i r e  e f f i c i e n c y  
measurement and reach a peak r e l a t i v e  e f f i c i e n c y  of 58.7$ 
a t  37 mil l imicrons.  
The 3rd Order was observed from 30 through 51 mill imicrons 
and from 92 through 1 2 2  mill imicrons.  



Table XXXIV, Eff ic iency  measurements of t e s t  r u l i n g  NRL 45 relative 
to "Standard ( 10/23/64)11 gold r e f l ec t ance  curve.  

Wavelength Relative Ef f i c i enc ie s  8 Wavenumber 
i n  Unruled 0th . 1st i n  

Millimicrons Area Order Order Kiloffays e rs 

30 
35 
37 
46 
51 
55 
61 
70 
75 
79 
83 
92 

103 
110 
117 
122 

8 -5 
4 *6 
6 -7 
6.8 
8.3 
7.9 
9.3 

15 .9 
15 .O 
17.1 
21.3 
25 -1 

32 .O 
34.6 
35.3 

30 -0 

4*3 
3.1 
4.0 
4 - 2  
549 
4-5 
4-5 
4 07 
3 .8 
3 -7 
5.3 
9 0 1  

15 60 
20 .o 
22.4 
24.1 

6.4 
9.2 

13.3 
15.8 
24.2 
24.8 
30.8 

51.2 
56.1 
64.0 
64.0 
57.9 
56 .o 
46.1 
43.5 

51 e 7  

333 3 
286 -0 
268.0 
217-5 
197 *O 

142 . 
133 .7 
127,l 
120 .o 
108.8 
97 *1 
90 -7 
85.1 
82 .o 

Note: (1) The 2nd Order was observed through t h e  e n t i r e  s p e c t r a l  
range wi th  a peak r e l a t i v e  e f f l c i e n c y  of 33.46 a t  
37 mill imicrons.  

(2)  The 3rd Order was observed from 46 through 61 mill imicrons 
and from lo3 through 122 mill imicrons.  

(3)  The 4 th  Order was observed from 46 through 55 mil l imicrons.  



Table XXXV. Efficiency measurements of t es t  r u l i n g  NRL 46 r e l a t i v e  
t o  "Standard (10/23/64)" gold  r e f l ec t ance  curve. 

Wavelength Relative Eff icfencies  % Wavenumber 
i n  

M i l l  i m i c  rons 

30 
34 

51 
55 
61 
68 
76 
83 

2: 

;; 
101 
103 

Note: 

Unruled 0th  
Area Order 

22.4 
12.9 
12.0 
21.0 
20.1 
1900 
23 e 5  
22.1 
39.5 
53.4 
58.04 
53.4 
52 e 5  

50.0 

4.3 
4.0 
6.7 

11.6 
9.5 

3 .2 
3.9 
2 e 5  
5.3 
9 *4 
6.0 
6 05 
7.9 

5.9 

(1) The 2nd Order was observed 
range w i t h  a peak r e l a t ive  
37 millimicrons. 

( 2 )  The 3rd Order was observed 
microns . 

1st  
Order 

13.8 
12.9 
10.7 
27 e 4  
37.9 
36.2 
35.2 
63.0 
64.8 
73.3 
73.8 
59.1 
47 e 5  
45.7 

i n  
Ki lokayse r s  

333.3 
29400 
268.0 
217 05 
197.0 
181.0 
164.3 
346.3 
131.7 
120.0 
108.8 
105.3 

99.0 
97.1 

throughout the s p e c t r a l  
eff ' iciency of 62.7% at. 

from 46 through 55 m i l l i -  



Table XxXvI. 

Wave1 engt h 
i n  

M i l l  i m i  c rons 

55 
61 
63 
68 
71  
76 
03 
90 
93 
95 
99 

Eff ic iency  measurements of t e s t  r u l i n g  MIL 47 r e l a t i v e  
t o  "Standard (10/23/64)" gold r e f l e c t a n c e  curve. 

Rela t ive  ETflcienc5.es % Wavenumber 

Area Order Order Kilokaysers 
Unruled 0 t h  1 st i n  

30.9 0.0 
33 a 0  Om0 
33.0 0.0 
48.7 0.0 
51.4 O m 0  

0 00 
O m 7  
0.6 65 04 

66.8 0.0 

2;:; 
79.8 
77.9 

0.8 
1.5 

181.0 

105.3 
101.0 

Table XXXVII. Eff i c i ency  measurements of t e s t  ruling.NRL 48 r e l a t i v e  
t o  "Standard (10/23/64) cr gold r e f l e c t a n c e  curve. 

Wavelength 
i n  

Mill imicrons 

63 
68 
70 i s  
79 
83 
88 
92 
95 
98 

1 0 1  

Rela t ive  E f f i c i e n c i e s  
Unr ul ed 0 t h  1st 
Area Order Order 

Wavenumber 
i n  

Kilokaysers 



Table XXXVIII. E f f i c i e n c y  measurements of t e s t  r u l i n g  NRL 49 r e l a t i v e  
I t o  "Standard (10/23/64)tt gold r e f l e c t a n c e  curve.  
I 

I Wavelength Rela t ive  E f f i c i e n c i e s  % Wavenumber 
i n  Unruled 0 t h  1s t  i n  

M i l l  imic rons Area Order Order Kilokaysers  

30 
68 
70 
76 
83 
90 
92 
95 
99 
100 

19 
46 
34 
34 
55 
56 
54 z; 04 .7 

61.3 

16 17 131.7 
31 a 4  120.0 
30.2 111.2 
28.2 108.8 
35.4 105.3 
31.1 101.0 
30.7 99.5 

Note: The 2nd Order was observed a t  30, 90, and 95 mi l l~ lmicrons  

Table XXXIX. E f f i c i e n c y  measurements of t e s t  r u l i n g  NRL 50 r e l a t i v e  
t o  "Standard (10/23/64)" gold r e f l e c t a n c e  curve.  

Wavelength Re la t ive  E f f i c i e n c i e s  $ In!av e m m b  e r  
i n  Unruled 0 t h  1st  i n  

Mil l imicrons Area Order Order K i l o  a y s e r s  

30 
34 a 5  
{69 
51 
55 
62 
70 
76 
83 
92 

3.3 
4.3 
9.3 
13 a 4  

31.7 
37.0 
43.1 
46.3 
50.0 
44.3 

333.3 
290.0 
258.5 
217.5 
197.0 
181.0 
161.3 
142.8 
131 e 7  
120,o 
108.8 

Note: The 2nd Order was observed throughout  t h e  s p e c t r a l  range wi th  
a peak r e l a t i v e  e f f i c i e n c y  o f  44.7% a t  39 mi l l imicrons .  



Table XL. E f f i c i e n c y  measurements o f  t e s t  r u l i n g  NRL 51 r e l a t i v e  
t o  %tandard  (10/23/64)" gold r e f l e c t a n c e  curve. 

Wavelength R e l a t i v e  E f f i c i e n c i e s  % Wavenumber 
i n  Unruled 0 t h  1s t  i n  

Mil l imicrons Area Order Order Kilokaysers  

68 
71  
76 
83 
90 
92 
95 
101 
105 
110 
115 
122 

22.1 
23.7 
23 04 
39.5 
40.9 
43.9 
55.6 
48.9 2 a 2  

2.8 

22.1 
23.7 
25.9 

30.0 

131.7 
120.0 
111 a 2  
108.8 
105.3 

99aO 
95 a 4  
90.7 
87 - 3  
82.0 

Note; The 2nd Order was observed t h r o u  hou t  t h e  s p e c t r a l  range w i t h  
a h igh  r e l a t i v e  e f f i c i e n c y  of  6. 9 % a t  68 mi l l imicrons ,  

Table  XLI. E f f i c i e n c y  measurements o f  t e s t  r u l i n g  NRL 52 r e l a t i v e  
t o  trStandard (10/23/64)" go ld  r e f l e c t a n c e  curve.  

W av e l  engt  h Re la t ive  Ef'f i c i e n c i e s  % Wavenumber 
i n  Unruled 0 t h  1 s t  i n  

Mi l l imicrons  Area Order Order Kilo. ayse r s  

92 
95 
101 
105 
110 
115 
118 
122 
128 
134 
140 
146 

28.2 
27.8 
22.3 
18.3 
17.9 

17.6 
19.4 

18.8 
14.8 

108 8 
105.3 
99.0 
9sa4 

Note: The 2nd Order was observed throughout  the e c t r a l  range and 
reached a peak r e l a t i v e  e f f i c i e n c y  o f  a t  95 millimicrons, 



3, "Standard (10/23/64)n Curve 

Table X L I I  r e p o r t s  t h e  r e f l e c t a n c e  measurements o f  s e v e r a l  

d i f f e r e n t  Au f i l m s ,  The f irst  column has t h e  va lues  r e a d  f r o m  

a publ i shed  curve (R. Canf'ield, G o  Hass, and W, Hunter. 

J, Phys.  - 25, 127, 1964).  

ante of t h e  t r a n s f e r  f i l m  used f o r  NFtL 23, The t h i r d  column 

r e p o r t s  t h e  f i l m  r e f l e c t a n c e  o f  NRL 2 s e  

r e p o r t s  t h e  f i l m  r e f l e c t a n c e  of a t r a n s f e r  coat  of gold depos i ted  

b y  J o u l e  hea t ing ,  The f i f t h  column i s  f o r  a t r a n s f e r  coat  of 

an  a l l o y  f i l m  of  97% Au - 3% Ge prepared b y  e l e c t r o n  gun depos i t ion .  

The second column r e p o r t s  t h e  r e f l e c t -  

The f o u r t h  column 

The h ighes t  va lue  f o r  each spectrum l i n e  i n  t h e  t a b l e  has been 

chosen f o r  t h e  corresponding polnt  of t h e  ttStandard (10/23/64)" 

curve . 
Near t h e  end of t h e  year,  W, Hunter remeasured EJW; 23 and found 

values near  'those r e p o r t e d  by Canfield,  Hass, and Hunter. Thus, 

t h e  a b s o l u t e  va lues  found i n  October aye suspect .  S fmi l a r  va lues  

were measured f o r  NRL 23 on d i f f e r e n t  days and by d i f f e r e n t  

observers  s o  any e r r o r  was a p e r s i s t e n t  and c o n s i s t e n t  one. And 

i n  t h e  c a s e  of g r a t i n g s  24 and 28, t h e  cumulat ive s p e c t r a l  

e f f i c i e n c y  measurements a t  55 nm exceeded t h e  m i r r o r  r e f l e c t a n c e  

va lue  of Canfield,  Hass, and Hunter, 

It seems u n l i k e l y  t h a t  any g r a t i n g  i n  gold w i l l  ever e x h i b i t  a n  

e f f i c i e n c y  i n  one o rde r  t h a t  i s  g r e a t e r  t h a n  t h e  "Standard (10/23/64)" 

cu rve  va lueo  This curve could be regarded as near  t h e  u l t i m a t e  

- 63 - 
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of p o s s i b l e  success.  The e f f i c i e n c y  d a t a  i n  t h e  prev ious  s e c t i o n  

w a s  t h e r e f o r e  p l o t t e d  a s  t h e  r a t i o  of t h e  abso lu te  e f f i c i e n c y  

t o  t h e  "Standard (10/23/64)'* r e f l ec t ance .  

Table  XLII. Absolute  r e f l e c t a n c e  of s e v e r a l  go ld  f i l m s  

Wavelength 
i n  

Nanometers 

30 
32 
35 
37 
38 
42 
45 

51. 
55 
58 
61  
63 
68 
69 
70 
7 1  
76 
79 
80 
83 
90 
92 
95 
96 
98 
99 

103  

Thin,Fast  
Canf ie ld  
Hass, 
Hunter 8 

3.0 
3.7 
5.0 
8.0 
8.0 
7.5 
7 .3 
7.5 
900 

12.0 
16.5 
1507 
12 .5 
11.0 

9.9 
9.6 
9.6 
9 .9 

L0.7 
il .5 
11.7 
12.0 
13.0 
12.9 
12.8 

13.5 
13.6 
14.0 

13.0 

Transfer  Coats. Bausch & Lomb 
Elec t ron  E l e c t r o n  J o u l  e E lec t ron  

Gun Gun Heat Gun 
23 NRL 25 Deposi t  Au97 Ge3 

m a n f i e l d ,  Hass, and Hunterc J e  Phgs. 25 pp. 124-129 (1964). 
Values have he re  been read  f r o m  F i g ,  6 T n  page 127. 

&%The abso lu te  va lue  of 4.7% f o r  t h e  r e f l e c t a n c e  a t  30 mill-imicrons 
came from d a t a  f r o m  NRL 21 f i l m ,  ( a l s o  E l e c t r o n  Gun Trans fe r ) .  

- 64 
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"STANDARD" GOLD REFLECTANCE CURVE 
CURVE COMPRISED OF MAXIMUM 
VALUES OBTAINED FROM DATA 
TAKEN BY W. ANDERSON AND EMOONEY 
ON 10/23/64 AT NAVAL RESEARCH LAB. 
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G. HASS AND W. R. HbNTER 
J. PHYS. 7 25, 127 (1964) 

WAVELENGTH IN NANOMETERS - 

WAVENUMBER IN KILOKAYSERS- 



E l e c t r o n  Micrographs o f  Glass Sur faces  
I 

On one of t h e  t r i p s  taken  t o  t h e  Naval Research Laboratory,  t h e  

r e f l e c t a n c e  of two monitor f i l m s  was measured. The ob jec t  of 

t h e  measurement was t o  dec ide  whether t h e  gold depos i ted  i n  t h a t  

p a r t i c u l a r  f i l m i n g  r u n  e f f i c i e n t l y  r e f l e c t e d  304 A and whether 

a g r a t i n g  s h o u l d  be r u l e d  i n  it. These monitor f i l m s  were 

coated s imultaneously,  one on a p o o r l y  sh ined  50 mm square p l a t e  

and t h e  o t h e r  on an o p t i c a l l y  pol i shed  80 mm round p l a t e ,  

The 50 mm square r e f l e c t e d  under O,l% whereas t h e  wel l -pol ished 

p l a t e  r e f l e c t e d  over lg0 

I 

The hypothesis  was tha t  s u r f a c e  p o l i s h  was important  t o  s h o r t  

wavelength r e f l e c t a n c e ,  The fol lowing e l e c t r o n  micrographs a r e  

a s e t  t h a t  was prepared fol lowing t h i s  experience,  

The f i r s t  f o u r  o f  t h e s e  p i c t u r e s  were made a f t e r  a co l lod ion  

r e p l i c a t i o n  procedure.  A t  t h i s  po in t ,  a doubt developed t h a t  

t h e  su r faces  were a s  smooth 8 s  t hey  appeared t o  be. 

The next  two p i c t u r e s  a r e  of shadows c a s t  onto an  aluminum f i l m  

r e p l i c a ,  The same cons idera t ions  t h a t  r e q u i r e d  using non-organic 

f i l m s  f o r  g r a t i n g  specimen r e p l i c a s  were t h u s ' ; t e s t e d  on po l i shed  

s u r f  aces  . 
There i s  c l e a r  evidence t h a t  su r f ace  imperfec t ions  a r e  l o s t  by  

t h e  co l lod ion ,  both f o r  t h e  o p t i c a l  p o l i s h  and f o r  t h e  under- 

l i q u i d  p o l i s h  s u r f a c e s e  



I The f i n a l  p i c t u r e  i n  t h i s  s e c t i o n  was made from an aluminum f i l m  

r e p l i c a  t h a t  was l i f t e d  without being backed b y  t ape ,  There 

i s  a f i n e  s u r f a c e  t e x t u r e  observed he re  t h a t  was not  observed 

on any o t h e r  p i c t u r e  o f  po l i shed  glasso F u r t h e r  work needs 

t o  be done,, 
1 

The need for f u r t h e r  work i s  a l s o  emphasized by t h e  comparat ively 

good r e f l e c t a n c e  of  t h e  film used f o r  NRL 31. The s u b s t r a t e  

f o r  t h i s  g r a t i n g  was poor ly  polished. B u t  t h e  r e f l e c t a n c e  of 

t h e  f i l m  and t h e  e f f i c i e n c y  of t he  g r a t i n g  r u l e d  i n  it were 



, 

ElectronTicrcgra.ph showing 'glass s u r f a c e  prev ious  t o  coa t ing  

and r u l i n g  &RL gra t ing .  

P i c t u r e  Data 

Film: Nlll #l, 7-22-64 

Collodion Subs t r a t e :  1% 

S u b s t r a t e  Data 

Mate r i a l :  Glass 

Po l i sh :  P i t c h  
Incomplete Shine 



Elec t ro rmic rcg raph  showing glass  s u r f a c e  p rev ious  t o  c o a t i n g  

and r u l i n g  NRL grating. 

P i c t u r e  Data 

Film: N l l g  #IS, 8-20-64 

Col lod ion  S u b s t r a t e :  1% 

Shadow: Pt-C 

Substra . te  Data 

Mater ia l  : G1 as s 

Pol i sh :  P i t c h ,  O p t i c a l  



I 1t.L I 
Electronmicrograph showing glass s u r f a c e ,  

P i c t u r e  3ata Subs t r a t e  Data 

F i l m :  N146 #4, 10-16-64 I Mater ia l :  Glass 

Subs t r a t e :  Col lodion 1% Pol i sh :  Op t i ca l  P i t c h  

Shadow: Pt-C 
(no d e f e c t s  w i t h  8 X  Loupe) 



t ‘ P  I 

E l  ec t rormicrograph  showing glas s s urf ace.  

Picture Data S u b s t r a t e  Data 

F i l m :  NI.50 #29, 10-22-64 Material: Glass 

S u b s t r a t e :  Collodion 1% Polish:  Under Liquid 

Shadow: P t - C  (work done a t  Herron Opt. Co.) 



Electronmicrograph showing g lass  su r face .  

P i c t u r e  Data 

Fi lm:  N146 #21, 10-16-64 

S u b s t r a t e :  Aluminum Fi lm 
l i f t e d  w i t h  t a p e  

S u b s t r a t e  Data 

Mate r i a l :  Glass 

- 

Pol i sh :  O p t i c a l  P i t c h  
( n o  d e f e c t s  w i t h  8X loupe)  

Shadow: Pt -C 



I IP I 
Electronmicrograph showing g l a s s  surface.  

P i c t u r e  Data Subs t ra te  Data 

Film: N146 #28, 10-16-64 Material: Glass 

Subs t ra te :  Aluminum film Polish: Under Liquid 
l i f t e d  w i t h  t ape  (work done a t  Herron Opt, Co.) 

Shadow: Pt -C  



I I P  

Electronmicrograph o f  h igh ly  pol ished g l a s s  sur face .  This s u r f a c e  

i s  s o  smooth t h a t  t h e  normal procedu-re o f  l t f ' t i n g  t h e  r e p l i c a  

f i l m  specinen w i t h  tape  was avoided. The impr in t  of t h e  glue f r o m  

t h e  t a p e  and/or shear  f o r c e s  t h a t  develop when applying t h e  t a p e  

a r e  expected t o  m o d i f y  t h e  anpearance of t h e  po l i sh .  

P i c t u r e  Data Subs t r a t e  Data 

Fi lm:  

S u b s t r a t e :  Aluminum Film 

Shadow: Pt-C 

N149 #12, 10-20-64 ?!aterial : Glass 

Pol i sh :  Under Liquid 

(work done a t  Herron Opt. Co.) 



5 ,  Report  and E l e c t r o n  Micrographs o f  C h r o m i u m  Fi lms 

This s e c t i o n  i s  included f o r  completeness. A chromium 

connect ing f i l m  has  been used under almost every gold f i l m  

t h a t  was r u l e d  for t h i s  con t r ac t .  The th i ckness  of some 

t y p i c a l  chromium underlayers  w a s  checked i n t e r f  e r o m e t r i c a l l g  

and found t o  be between 60 and 80 nm. The f i l m s  r u l e d  f o r  the 

c o n t r a c t  have been c l a s s i f i e d  Zen Table XLIII according t o  t h e i r  

chromium th i ckness  by  looking a t  t h e i r  second s u r f a c e  ( g l a s s  

i n t e r f a c e ) ,  If it i s  yellow, t h e  chromium th i ckness  i s  

(<TO nm. If it i s  pink, t h e  th ickness  i s  l i s t e d  a s  470 nm. 

If it i s  s t e e l  w i t h  a pink c a s t ,  t h e  th ickness  i s  l i s t e d  a s  

~ 7 0  nm. If t h e  i n t e r f a c e  has the  appearance of po l i shed  s teel ,  

t h e  th i ckness  i s  l i s t e d  as  >70 lune 

There may be some d e s i r e  t o  know what t h e  chromium f i l m  s u r f a c e s  

l o o k  l i k e  so e l e c t r o n  micrographs of them on o p t i c a l l y  po l i shed  

g l a s s  and on under- l iquid pol isbed glass f o r  thin, average, 

and t h i c k  chromium d e p o s i t s  a r e  presented  here ,  



Table XLIII. Estimated chromium under-layer thickness relative 
to an average thickness of 70 nrn. 
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Electronmicrograph showing t h e  sur-face of chromium on an 

o p t i c a l l y - p o l i s h e d  g l a s s  subs t r a t e .  

P i c t u r e  Data 

Fi lm:  N163 #A, 11-4-64 

S u b s t r a t e :  A1 Film 

Shadow: P t - C  

Specimen Film: .C 

C h r o m i u m  Deposi t ion 

Power: E lec t ron  Gun 

M t l .  Form: So l id  P iece  

Cleaning: H C l  

Thickness:<600 A 



I ' P  I 

Electronmicrograph showing t h e  s u r f a c e  o f  chromium on an 

o p t  i c a l l  y-polished glass subs t r a t e .  

P i c t u r e  Data 

Film: N163 #9, 11-14-64 

S u b s t r a t e :  A1 Fi lm 

Shadow: Pt -C  

Specimen Film: C 

Chromium Deposit  i o n  

Power: E l e c t r o n  G u n  

M t l .  Form: S o l i d  P iece  

Cleaning: H C 1  

Thickness : 600-800 A 



I ' P  f 
Electronmicrograph showing t h e  s u r f a c e  of chromium on an 

o p t i c a l l y - p o l i s h e d  g lass  subs t r a t e .  

P i c t u r e  Data 

Film: N163 #12, 11-14-64 

S u b s t r a t e :  A 1  Fi lm 

Shadow: Pt -C 

Specimen Film: C 

Chromium Depos i t ion  

Power: E l e c t r o n  G u n  

M t l .  Form: S o l i d  P iece  

Cleaning: € I C 1  

Thickness :> 1000 A 
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Electronmicrograph showing t h e  s u r f a c e  of chromium on an 

under - l iqu id  pol i shed  glass subs t r a t e .  

P i c t u r e  Data 

F i l m :  N163 #19, 11-14-64 

S u b s t r a t e :  A 1  Film 

Shadow: P t - c  

Specimen Films. C 

C h r o m i u m  Deposi t ion 

Power: E lec t ron  G u n  

M t l .  Form: S o l i d  P iece  

Cleaning: H C 1  

Thickness 6 0 0  A 



t IP I 
Electronmicrograph showing t h e  su r face  of  chromium on an 

under- l iquid pol i shed  g l a s s  subs t r a t e .  

P i c t u r e  Data 

Film: ~ 1 6 3  #21, 11-14-64 

S u b s t r a t e :  A1 Film 

Shadow: P t - C  

Specimen Film: C 

C h r o m i u m  Deposi t ion 

Power: E lec t ron  Gun 

M t l .  Form: S o l i d  P iece  

Cleaning: H C 1  

Thickness:  600-800 A 



I 

Electronmicrograph showing the s u r f a c e  o f  chromium on an 

under - l iqu id  polished glass s u b s t r a t e .  

‘P i 

P i c t u r e  Data 

F i l m :  Nl63 #26, 11-14-64 

S u b s t r a t e :  A1 Fi lm 

Shadow: P t - C  

Specimen Film: C 

Chromium DeDosit ion  

Power: E lec t ron  G u n  

M t l .  Form: S o l i d  P iece  

Cleaning: H C 1  

Thickness :>lo00 A 



6,  Surface  Study of Gold Fi lms Using Dark-Field I l l u m i n a t i o n  

All of t h e  p i c t u r e s  i n  t h i s  s e c t i o n  were taken  wi th  a Bausch & Lomb 

Metal lograph on Po la ro id  f i l m ,  The magni f ica t i  on, a s  i t  appears  

here,  i s  1 s O X  approximately.  The b r i g h t  s c a t t e r i n g  c e n t e r s  a r e  

minute nuggets  o f  gold t h a t  presumably were depos i ted  as lumps 

r a t h e r  t h a n  as atoms. 

There were f e w  p a r t i c l e s  of dus t  because 1) t h e  f i l m s  were 

supported i n  an i n v e r t e d  p o s i t i o n  b y  t h e  metal lograph s t a g e  and 

2r t h e  su r faces  were prepared by  covering them wi th  a f i l m  of  

c o l l o d i o n  t h a t  w a s  s t r i p p e d  just p r i o r  t o  p l a c i n g  a specimen on 

t h e  s t a g e o  

In each case,  numerical  d e t a i l s  of t h e  f i l m s  can be found by 

r e t u r n i n g  t o  previous r e p o r t s  o r  t o  S e c t i o n  1 of t h i s  r e p o r t  and 

r e f e r r i n g  t o  t h e  legend on t h e  p i c t u r e .  

- 03 - 



S u b s t r a t e  u sed  for 

Average d e p o s i t i o n  

NRL r u l i n g  30. 

c o n d i t i o n s  ; v i z ,  

F i r s t  s u r f a c e  f i l m ,  p u r e  gold, 
o p t i c a l l y  p o l i s h e d  s u b s t r a t e ,  
medium d e p o s i t i o n  r a t e ,  
e l e c t r o n  gun v a p o r i z a t i o n .  

S u b s t r e t e  used  for NRL r u l i n g  32. 

E u t e c t i c  o f  g o l d  SC germanLsiirii, 
a v e r a g e  d e p o s i t i o n  c o n d i t i o n s  
i n  o t h e r  r e s p e c t s .  



S u b s t r a t e  u sed  for NRL r u l i n g  31. 

Incomple te  s u b s t r a t e  p o l i s h ,  
ave rage  d e p o s i t i o n  c o n d i t i o n s  
i n  o t h e r  r e s p e c t s .  

S u b s t r a t e  used for NRL r u l i n g  47. 

Sup e r  i o r  s u b s  t r a  t e p o l  i sh ,  
a v e r a g e  d e p o s i t i o n  c o n d i t i o n s  
i n  o t h e r  r e s p e c t s o  



~ -- 
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S u b s t r a t e  used f o r  NRL r u l i n g  49. 

J o u l e  h e a t e d  v a p o r i z a t i o n ,  
t h i n  f i l m ;  a v e r a g e  d e p o s i t i o n  
c o n d i t i o n s  i n  o t h e r  r e s p e c t s .  

S u b s t r a t e  u s e d  f o r  3TRL r u l i n g s  25 & 26. 

T r a n s f e r  f ' i l m , r a p i d  e l e c t r o n  
gun d e p o s i t i o n ,  2-3 t i m e s  
a v e r a g e  t h i c k n e s s ,  a v e r a g e  
d e p o s i t i o n  c o n d i t i o n s  i n  o t h e r  
r e s p e c t s  . 



S u b s t r a t e  used f o r  NRL r u l i n g  20. 

Rapid Joule-heat  ed v a p o r i z a t i o n  
a t  NRL. 

S u b s t r e t e  used f o r  NRL r u l i n g  48. 

Rapid Joule-heated vapor i za t ion  
a t  B L ,  average d e p o s i t i o n  
cond i t ions  i n  o t h e r  r e spec t s .  



S u b s t r c t e  used  for 
I 

Slow d e p o s i t i o n ,  
a v e r a p e  d e p o s i t i o n  c o n d i t i o n s  
otherwlise.  

S u b s t r a t e  used  for IRL ruling 30. 

Average d e p o s i t i o n  c o n d i t i o n s .  

Same a r e a  as i s  shown b y  t h e  
i n i t i a . 1  pho tograph  i n  t h i s  
s e c t i o n  b u t  w i t h  o b l i q u e  
b r i g h t - f i e l d  i l l u m i n a t i o n .  

NRL r u l i n g  15. 

high pressure; 


